The theoretical Heisenberg model of an amorphous ferromagnet having two magnetic com paonents iu the Bethe-Peierls-Weiss approximation was apapalied to study the concentration dependence of the Curie temperature of the Fe-TM-M alloys (TM -transition metal, Μ -metalloid). The analysis of the experimental data in comparison with the model calculations was performed.
Experimental data show that the Curie temperatures (ΤC) of transition metal amorphous alloys follow the same trends but are systematically lower than the Curie temperatures of crystalline alloys. It is also known that metal and metalloid variations strongly affect the Curie temperature of transition metal amorphous alloys. These facts can be explained as the effects of chemical environment and structural disorder.
The Curie temperature has been measured for a large number of transition metal amorphous alloys. Figure 1 shows the concentration dependence of the Curie temperature for the (Fe1-cΤΜc)80B20 (TM = Co, Ni, Mn, Cr, Ti, V) amorphous alloys published by us previously [1] . Because these experimen †al data are restricted to low TM concentration, other experimental data in a wider concentration range and with other glass-forming elements are presented as well [2] [3] [4] [5] [6] .
Some qualitative features of the magnetic interaction are evident from the observed concentration dependence of Τ . The high values of the Curie temperature of the Fe-rich samples indicate that the Fe-Fe exchange JFeFe is ferromagnetic (569) and large. In the case of Fe-Ni and Fe-Co amorphous alloys a maximum at a certain intermediate concentration is observed, which may be interpreted assuming that Fe-Ni or Fe-Co interaction is greater than that between the same species of atoms. For Fe-Co alloys the experimental data vary relatively slowly with Co concentration and suggest that J FeCo > JCoCo > JFeFe. In the Fe-Ni samples, the Curie temperature drops rapidly for decreasing Fe content. This is consistent with the assumption that JFeNi > JFeFe and JNiNi = 0. Unlike the Fe-Co and Fe -Ni samples, in the Fe-Mn, Fe-Cr, Fe-V, Fe-Ti alloys a large linear decrease in ΤC is observed. This unusual behaviour is due to the presence of an antiferromagnetic exchange interaction. The samples with low Fe concentrations, where competing ferromagnetic and antiferromagnetic interaction occur, show spin-glass-like characteristics. In order to obtain more quantitative information regarding the exchange interactions, one can compare the observed data with theoretical results using various models. Α number of effective field approaches have been advanced to interpret the experimental data. The simplest theory which can explain the transition from the ordered ferromagnetic phase to the disordered paramagnetic phase is the molecular field approximation (MFA). Moreover, the MFA cannot be used to study the onset of ferromagnetism in amorphous solids since it does not predict a critical concentration. Another objection to the MFA in amorphous ferromagnets lies in the absence of the effect of fluctuations in exchange interactions on TC. Therefore, it is necessary to investigate the effect of disorder within the framework of other effective field methods. The disordered composition dependent exchange interaction can be treated in a coherent potential approximation (CPA). In the weak scattering limit the CPA reduces to the results of the mean field theory. However, in the strong scattering limit, the CPA predicts such effects as a critical . concemtration for the appearance of ferromagnetism which is beyond the scope of the mean field theory. In amorphous materials a profound change of magnetic properties, in comparison with those for the related crystalline ones, may occur due to the fluctuations of the number of nearest neighbours around their mean value, which can be equal to the related crystalline one. The theoretical background of this problem has been studied within the framework of the Bethe-Peierls-Weiss (BPW) approximation for a classical Heisenberg ferromagnet.
Results and discussion
To study the concentration dependence of the Curie temperature we applied the theoretical Heisenberg model of an amorphous ferromagnet of the type A1 -c
having two magnetic components in the Bethe-Peierls-Weiss approximation for classical spins, developed by Świderczak et al. [7] . This model is the extension of the calculations performed by Bobak [8] and Maksymowicz [9] on amorphous ferromagnets with one component magnetic and the other nonmagnetic. In the paper of Świderczak et al. only theoretical possibility of the model has been presented. In this paper we try to use this model to explain experimentally observed c o n c e n t r taken over all atoms of the same kind), δ -parameter which takes into account the differences between the mean values of the coordination number ZA and ZB around A and B atoms respectively defined as and similarly for B atoms (Δ2N = 0 for crystalline system; for amorphous alloy Δ2N varies from 0.01 to 0.l), α -Cowley's parameter which reflects deviations from the complex disorder, when all the atoms are distributed randomly, α is defined as (ΖAB) is the m e an number of Β atoms in the nearest neighbour coordination shell of A-type atom and (Ζ*AB ) is the same number in the completely random system.
a t i o n d e p e n d e n c e o f t h e C u r i e t e m p e r a t u r e . W e c h o o s e t h i s m e t h o d o f c a l c u l a t i o n s
Positive α describes tendency to clnstering of atoms of the same kind and has the maximum value α = 1, negative α describes tendency to clustering A-Β pairs (chemical ordering), the lower bound for α = αn,in is given in Ref. [7] , α = 0 describes a fully disordered system. We expect the values Δ2N = 0.1 and α = m in to be consistent with typical conditions in some amorphous alloys [9] .
Various combinations of these parameters were used in our-calculations. It was established that the results do not depend essentially on the values of Δ2N (plots of TC are consistent to within 1% for Δ2N = 0 and Δ2N = 0.1), so only one value Δ 2 N = 0 . 1 w a s t a k e n . T h e a t o m i c s h o r t -r a n g e o r d e r w a s c o n s i d e r e d i n t h e t w o limiting cases, α = 0 for a random system and α = αmin for fully ordered one. The calculations were performed for one value of δ = 0, this means ZA = ΖΒ = 12. Spin SFe = 2, exchange integral JFeFe = 1 (scaled to agree with the experimental point c = 0). The other parameters such as SB , JFeB , JBB are different for different systems. Figures 2-7 show application of the model to the Fe-TM-M alloys. All figures show the concentration dependence of Τ. Points are the experimental data. Solid lines are the predictions of the model for α = 0, dashed lines in Fig. 2-4 for α = αrm. The theoretical calculations were performed for different values of exchange interaction JFeB. It was established that the variation of exchange integral JFeB causes interesting changes in the Curie temperature against concentration plot. The influence of short range ordering on ΤC is also observed. For α = 0, TC is a quite linear function of concentration c of the B component. The shape of this curve changes drastically when α ψ 0, it is no more linear and a local extremum is observed (Figs. 2, 3) . For Fe-Mn (Fig. 4) the effect of atomic short-range order is small and reduces to a translation. The sane relation is obtained for Fe-Cr, Fe-V, For Fe-Co system (Fig. 2 ) SCo = 1, Jcoco = 2.8 to agree with the Curie temperature of the experimental point c = 1, JFeCo = XJFeFe, where X = 0.5 ¸ 3 with increment 0.5 (X is the number written on the solid curve). Good agreement of theoretical calculations and experimental data is observed. The experimental points agree with the results of the calculations X = 1.5, this means JFeCo = 1.5JFeFe. The curves X = 1.5 for α = 0 and α = αrmmin are almost identical. The significant differences between the curves for α = 0 and α = α m in can be observed when Χ 1.5.
For Fe-Ni system (Fig. 3 On the basis of Figs. 2-4 one can conclude that the experimental data of the concentration dependence of TC in transition metal base amorphous alloys do not strongly reflect the effects of structural disorder. The accuracy of derivative thermal magnetogravimetry (DTIvIG) technique [11] applied by us to the measurements of TC is sufficient to show irregularities obtained from the model calculations for α = α m i n , but ΤC obtained from experiment is a smooth function of alloy composition over the entire range like the model calculations for α = 0.
In summary, it appears that the results of comparison of the experimental data with the model calculations do not provide unambiguous answers concerning effects of structural and chemical disorder on TC in the amorphous alloys of the type Fe-TM-M. In this regard the method of calculations goes not so far from the typical molecular field approximation. The above analysis allows us to formulate only the qualitative conclusions about exchange interactions. In the case of Fe-Co the exchange interaction of Fe and Co is ferromagnetic and strong. For Fe-Mn the kind of interaction (ferromagnetic or antiferromagnetic) depends on the composition of the alloy. Cr, Ti, V interact aniferromagnetically with Fe. In the case of Fe-Ni a more complex coupling is evident.
